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Over the past several decades, cycling has become an increasingly popular activity, providing numerous health benefits. As cycling participation grows, safe practices should be encouraged and promoted. While extensive research cites the benefits of helmet usage in reducing head trauma, evidence regarding whether this benefit also results in fewer and/or less severe postcranial injuries compared to helmetless cyclists is limited.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] To address this topic, various bicycling injuries by type, region, severity, and length of hospital stay were examined in helmeted and helmetless cyclists admitted to emergency departments (EDs) associated with a US health-care network.
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=================================================

A retrospective study was performed on 140 injured bicyclists admitted to seven emergency centers within the Greenville Health System (GHS), which is among the largest regional health-care networks in the Southeast United States and is based in Greenville, South Carolina. GHS has eight inpatient locations. Seven of these hospitals have emergency centers. Of these seven emergency centers, one is a Level 1 trauma center, whereas the other six are not ranked.\[[@ref6]\] This system serves metropolitan (Greenville--Anderson--Mauldin Metro Area) and micropolitan (Oconee County) statistical areas located within the westernmost part of South Carolina. Greenville-Anderson-Mauldin Metro Area has a population of 884,975 people with a median household income of \$50,644. The median age is 38.5 years and the population is 73% European American, 16.4% African American, and 6.69% Hispanic.\[[@ref7]\] Oconee County, meanwhile, has a population of 75,375 people, of which 85.2% is European American, 7.29% is African American, and 4.91% is Hispanic. The median age of the county is 44.9 years and the median household income is \$41,818.\[[@ref8]\] Both of these areas are represented by pockets of urban development surrounded by rural communities.\[[@ref9]\]

All cases of injured adult bicyclists were identified through an electronic search of the GHS Trauma Registry. This database is used to archive medical and demographic data related to patients admitted to GHS. Access to the database was granted by the GHS Institutional Review Board (Pro00035945). Patients over the age of 18 years admitted to GHS between January 2010 and December 2014 for cycling-related trauma were included within the study. Information relative to the patients\' mode of hospital arrival (i.e., ambulance, helicopter, and power-operated vehicle) was not available.

Demographic data extracted from the registry included race, gender, and age. Patients under the age of 18 years were excluded from the study as Abbreviated Injury Scale (AIS) and Injury Severity Score (ISS) perform differently in pediatric trauma patients compared to adult patients.\[[@ref10]\] Given the wide range of ages represented within the sample, patients were grouped into young adult (18--34 years), middle age (35--54 years), and older adult (≥55 years) for descriptive purposes, based on age categorizations from the literature.\[[@ref11][@ref12][@ref13]\] Racial designations, as outlined by the Office of Management and Budget guidelines, included European American, African American, American Indian, Asian, or others.\[[@ref14]\]

Patient injury information extracted from the trauma registry included injury description(s), AIS scores for six body regions, ISS, hospital length of stay (LOS), and mortality. Given the volume and diversity of injuries, the cyclists presented with patient injuries were grouped into one of 12 categories: laceration, amputation, concussion, contusion, spinal cord injury, herniation, hematoma, internal organ injury, muscular tear, fracture, abrasion, and dislocation. Once categorized, the injuries were sorted into one of six body regions: head and neck, face, chest, abdomen, extremities (including pelvic girdle), and external body to align with regional AIS scoring parameters and to allow comparison of regional injury frequency with severity.\[[@ref15]\] Using parameters laid out by Bolorunduro *et al*., ISS was categorized as mild (\<9), moderate (9--15), severe (16--24), and profound (≥25) to allow for descriptive comparison of the severity of trauma between the helmeted and helmetless cyclists.\[[@ref16]\]

Univariate statistical analyses were conducted with the statistical software package SPSS version 22.0 (IBM, New York, USA).\[[@ref17]\] Helmet usage was treated as an independent variable, whereas injury patterns and hospital LOS were treated as dependent variables. As the data did not fit a normal distribution, Mann--Whitney nonparametric tests were performed relative to helmet usage. Statistical significance (α) was set at 0.05.
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The research population was predominantly male (male = 109; female = 31) and European American (*n* = 110). The non-European American component of the population consisted of African American (*n* = 22), American Indian (*n* = 1), Asian (*n* = 1), and others (*n* = 6). The vast majority of helmeted cyclists were European American (94%) and male (77%). A similar pattern was seen among the helmetless group (i.e., 68% -- European American; 79% -- male) \[[Table 1](#T1){ref-type="table"}\]. Within the three age groups, the greatest percentage of helmeted cyclists were ≥55 years (50%), whereas the greatest percentage of helmetless cyclists were 35--54 years (42%) \[[Table 1](#T1){ref-type="table"}\]. Based on ISS ranges, trauma severity was comparable between the two groups. When comparing the helmeted group to the helmetless group, the trauma ranges were as follows: mild trauma, 36% versus 33%; moderate trauma, 41% versus 40%; severe trauma, 18% versus 16%; and profound trauma, 5% versus 10%. The trauma mortality rate was 4% in the helmeted group and 6% in the helmetless group \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic, injury severity score ranges, and mortality differences in helmet usage

  Category             Helmet (*n*=56), *n* (%)   No helmet (*n*=84), *n* (%)
  -------------------- -------------------------- -----------------------------
  Race                                            
   European American   53 (94)                    57 (68)
   African American    0                          22 (26)
   American Indian     1 (2)                      0
   Asian               1 (2)                      0
   Other race          1 (2)                      5 (6)
  Gender                                          
   Female              13 (23)                    18 (21)
   Male                43 (77)                    66 (79)
  Age                                             
   18-34               6 (11)                     16 (20)
   35-54               22 (39)                    35 (42)
   ≥55                 28 (50)                    31 (38)
  ISS ranges                                      
   Mild (\<9)          20 (36)                    28 (33)
   Moderate (9-15)     23 (41)                    34 (40)
   Severe (16-24)      10 (18)                    14 (16)
   Profound (≥25)      3 (5)                      9 (10)
  Mortality            2 (4)                      5 (6)

ISS: Injury Severity Score

Of the 140 bicyclists admitted to GHS over a 5-year interval, the helmeted-to-helmetless ratio is 1:1.5. Injury prevalence results by type, region, and severity for these two groups are provided in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}. Continuous variable data within group are presented as mean ± standard deviation (SD), whereas descriptive data are characterized using number and percentage. Of the 12 injury types, 8 were present in at least 10% of the helmeted and helmetless patients. A greater proportion of helmeted cyclists presented with one or more laceration, concussion, contusion, and abrasion injury, whereas a greater proportion of helmetless cyclists were diagnosed with hematomas, internal organ injuries, and fractures. However, only abrasions and total number of injuries significantly differed in prevalence with more helmeted cyclists than helmetless cyclists exhibiting these injuries \[[Table 2](#T2){ref-type="table"}\].

###### 

Cyclist injury prevalence with helmet usage

  Injury type             Helmet (*n*=56), *n* (%)   No helmet (*n*=84), *n* (%)   *P*
  ----------------------- -------------------------- ----------------------------- -----------
  Lacerations             20 (36)                    25 (30)                       0.376
  Amputations             0                          1 (1)                         0.417
  Concussions             24 (43)                    25 (30)                       0.102
  Contusions              16 (29)                    20 (24)                       0.285
  Spinal cord injury      3 (5)                      4 (5)                         0.862
  Herniation              2 (4)                      3 (4)                         0.671
  Hematoma                17 (30)                    29 (35)                       0.498
  Internal organ injury   10 (18)                    18 (21)                       0.562
  Muscular tear           1 (2)                      3 (4)                         0.368
  Fracture                44 (79)                    69 (82)                       0.413
  Abrasions               42 (75)                    47 (56)                       \<0.001\*
  Dislocations            5 (9)                      3 (4)                         0.883
  Total injuries          56 (100)                   84 (100)                      0.003\*

Injury values represent number of cyclists presenting with one or more of injury type and percentage of within-group injury type; \**P*≤0.05

###### 

Cyclist regional injuries and outcomes with helmet usage

  Injuries and outcomes       Helmet (*n*=56)   No helmet (*n*=84)   *P*
  --------------------------- ----------------- -------------------- -----------
  Head and neck                                                      
   Injuries, *n* (%)          38 (68)           49 (58)              0.638
   AIS, x̄±SD                  3±1.0             3±1.3                0.963
  Face                                                               
   Injuries, *n* (%)          5 (9)             12 (14)              0.387
   AIS, x̄±SD                  2±0.5             2±0.6                0.207
  Chest                                                              
   Injuries, *n* (%)          27 (48)           38 (45)              0.454
   AIS, x̄±SD                  2±0.7             2±0.7                0.699
  Abdomen/pelvic contents                                            
   Injuries, *n* (%)          7 (13)            5 (6)                0.184
   AIS, x̄±SD                  2±0.5             2±0.4                0.997
  Extremities/pelvic girdle                                          
   Injuries, *n* (%)          20 (36)           34 (40)              0.571
   AIS, x̄±SD                  2±0.5             2±0.5                0.980
  External                                                           
   Injuries, *n* (%)          50 (89)           58 (69)              \<0.001\*
   AIS, x̄±SD                  1±0.2             1±0.0                0.001\*
  ISS, x̄±SD                   12±7.5            12±8.2               0.004\*
  Hospital LOS, x̄±SD (days)   3±3.5             7±9                  0.021\*

AIS: Abbreviated injury score; ISS: Injury severity score; LOS: Length of stay

When examined in terms of anatomical region, more helmeted cyclists exhibited trauma by region than helmetless cyclists, with the exception of facial injuries and extremities/pelvic girdle injuries, which were more frequently found among helmetless cyclists \[[Table 3](#T3){ref-type="table"}\]. However, only the prevalence and severity of injuries to the external body (i.e., abrasions, contusions, lacerations, and hematomas) significantly differed between the two groups. These injuries were concentrated to the upper and lower extremities. Significant group differences were also noted in ISS \[[Table 3](#T3){ref-type="table"}\]. In all of these instances, a greater proportion of helmeted cyclists exhibited more severe or prevalent injuries than helmetless cyclists. While the mean and SDs for injury severity in these two categories are relatively comparable in each group (i.e., within-group variance), variance between the groups accounts for this significant difference in severity \[[Table 3](#T3){ref-type="table"}\]. In addition, hospital LOS was significantly longer for helmetless cyclists. Average LOS for helmetless cyclists at the time of injury was 7 days, whereas helmeted cyclists had an average LOS of 3 days \[[Table 3](#T3){ref-type="table"}\].
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While extensive literature suggests that helmet usage reduces the risk of head injuries in bicycle-related accidents, exploration of the relationship between the safety conscious choice to wear a helmet and bicycling injuries to the rest of the body is limited.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] This study expands upon this topic by comparing helmeted and helmetless cyclists admitted to EDs associated with a large health-care network by injury type, region, severity, and hospital LOS. The overall trauma profile between these two groups was relatively similar in terms of injury prevalence and severity. A few differences, however, were found. Specifically, a significantly greater proportion of helmeted cyclists experienced abrasions to their body and a higher incidence of overall injuries. When cycling trauma is explored by the body region, significantly more helmeted cyclists presented with (1) a greater number of injuries, (2) more severe external injuries, and (3) more severe overall injuries. Yet, these differences were related to injuries which constitute minor-to-moderate trauma. Indeed, while ISS was significantly greater in helmeted riders, the average score for this group (*n* = 12) is below the threshold (*n* \> 15) to be categorized as major trauma.\[[@ref18]\] The results noted in this study differ somewhat from Zibung *et al*. analysis of trauma patterns in cyclists admitted to a Swedish trauma center.\[[@ref5]\] The authors found a greater risk of limb injury among helmeted cyclists but a decreased risk of head and facial injuries compared to helmetless cyclists. However, it should be noted that their injury groupings differ to some extent from the categories used in this study and thus are not entirely comparable.\[[@ref5]\]

Another potential explanation for these findings may be behavioral in nature. More specifically, risk compensation theory posits that cyclists wearing helmets engage in riskier behavior because of an increased sense of protection, thereby negating the protection afforded by the helmet.\[[@ref19][@ref20]\] Research directly examining this phenomenon has shown both increased heart rate and cycling speed among helmeted riders.\[[@ref21][@ref22][@ref23]\] Thus, while this study found bodily injury prevalence and severity to be fairly comparable with and without helmet use, the confidence which comes with helmet usage may lead to riskier behavior which increases the amount and severity of external damage to the body associated with a cycling accident. This is speculative as the design of this study evaluates cycling outcomes, as opposed to directly evaluating cycling behavior. However, the possible link between cyclist behavior and injury patterns warrants further investigation.

Finally, this study found helmet usage to be significantly associated with a shortened LOS in the hospital. The average LOS for helmeted cyclists was almost 3 days shorter than helmetless riders. This difference equates to a 45% reduction in hospital stay length. No such findings were noted by Zibung *et al*.\[[@ref5]\] However, again, methodological and data incompatibility between these two studies could explain these differences. It is possible that the shorter LOS among helmeted cyclists is a consequence of safety conscious behavior, wherein helmeted cyclists are more likely to seek medical attention for less serious injuries. Alternatively, the current findings may be moderated by demographic differences linked to helmet usage. Previous research utilizing this study population found significant racial differences in helmet usage, wherein non-European American cyclists (i.e., combined minority groups) were significantly less likely to be wearing a helmet at the time of injury than European American cyclists.\[[@ref23]\] To explore the potential influence of racial status on hospital LOS, the study population was separated into European American and non-European American groups and additional Mann--Whitney nonparametric tests were performed.

LOS was found to be significantly greater among the non-European American cyclists (*P* = 0.026). This could suggest that being a non-European American, helmetless cyclist is associated with significantly extended hospital LOS. Greater LOS among non-European American patients has been noted elsewhere in the literature relative to such procedures as pancreatoduodenectomy, knee or hip arthroplasty, and laminectomy and/or fusion spine surgery.\[[@ref24][@ref25][@ref26]\] Attempts to explain this variability in LOS relative to race/ethnicity have been multifactorial in nature. For instance, Rooks *et al*. noted that African American and Hispanic patients were more likely to be affected by chronic medical comorbidities, whereas Schneider *et al*. found that patients with more comorbid illness were more likely to have longer LOS.\[[@ref24][@ref27][@ref28][@ref29]\] Furthermore, Lad *et al*. noted that African American patients were more likely to experience postoperative complications with spinal surgery than European Americans, which could also lead to prolonged hospital LOS.\[[@ref30]\] Unfortunately, medical histories were not available for this patient population to evaluate these factors. Further research including such variables could shed further light on this issue.

Limitations {#sec2-1}
-----------

This study does, however, have several limitations. A cause-and-effect relationship between helmet usage and trauma patterns cannot be explicitly established with this research, given its retrospective nature. Moreover, this study examines injuries globally and does not define the type of cycling activity which may have precipitated the injuries produced. Information pertaining to type of crash (single vehicle vs. collision), experience level (i.e., professional vs. recreational cyclist), cycling frequency, alcohol use, type of bicycle ridden (mountain, road, or cruiser bike), and the presence of additional protective equipment (e.g., kneepads) was not available for this study and could serve as contributing factors to the patterns seen within. While gathering data from a single community controlled for informational bias and minimized heterogeneity in the cycling terrain and community cycling culture experienced by the research participants, it also constrained the sample size and ability to speak to regional and national injury trends. Expanding on this research by extracting similar data from the National Electronic Injury Surveillance System would allow researchers to broaden this analysis moving forward.
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Using trauma registry data associated with a large US health-care network, the effect of helmet usage on the trauma profile of cyclists admitted to the ED was analyzed. Helmet usage was found to be associated with an increased risk of minor-to-moderate trauma but decreased overall length of hospital stay. This study advances clinical awareness of cycling trauma profiles throughout the body, as well as possible preadmission conditions which might influence hospital LOS. However, additional studies are necessary to further tease out potential biological, social demographic, and/or behavioral factors which may be contributing to these findings.
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